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Wore than ten years after Top| Trath guank

o The mass is well measured.

— Assuming that this is really the Top/Truth!

o [s it really Top/Truth of the Standard
Model (SM)?

— Studying the properties
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Br(t-Wb)/Br(t-Wq)

P Top spin

Top charge

X<

FCNC

Rare decays, charged Higgs, etc.

!
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Yot mass measunement

o Di-lepton (DIL) channel:
— both W decay to lepons,
— ¢ practice uses only e, 1.
o Leptontlere (LJ) channel:
— one ‘W decays o leptons,
— the other decays o quarks.
o Fadnonic channel:
— both W decay to guarke.
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704 madd meadarement w
(CDF)
Zée W& Signal Templates

o it to neconstructed ot mass templates oot )
o 0.02- top
g P) . . E?-, 00132_ B 150.0 GeV/c?
* TJu-oitu jet energy calibration Py B 1000 cevic
.. i 0.014F B 170.0 GeV/c?
— Based on W->jj 5 oot2t 180.0 Gevic?
. S 0.01F
Constraint on W boson mass 0.008"
0.006
° W %Zux bemment (% ) 5 0.004F
) g g 0.002,
— Use leading order matrix element £50 120140 160 180 200 220 240 260 280 300 320
. reco(GeV/c>
— Integrating over the phase space mGene)
Find the probability density as a function of , 1-tag Lepton+lJets
g
Top mass T
<

¢ SWZZ denditeive Wﬂ@, ny 0.04

o ODther methoo wot desenited there -

— Rinematic method, constrainl to Noection, . .
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1 —LEP1 and SLD
80.5 1 —LEP2 and Tevatron (prel.)

68% CL

150 175 200
M| [GeV]

M, =170.9 £ 1.8 GeV/c 2,
from 1 fb! CDF+D0 combination
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Totr mass measarnement, CDIF 3

CDF Runll Preliminary (2.0/fb)

ﬂ _lllllllllllll|Il|||I||ll||l|||‘lD'a.tal.["||'L
c
- ogue] O Pse Veural Vetworkss
8 5. Uncer Zo delect
1

Z— ee

2 1 DIL Top candidates then

[l fakes

h: — This neural networks is
£ g evolutional.
165‘ ;.- 03 04 05 06 07 08 09 1 o Opnmlzed on lmPFOVan
[ ® Neural Net Output .
LI o uncertainty.
S i my = 171.2+2.7(stat) +2.9(sys)GeV /c?

Qo5 66765 70 175 180 185 190 39
M, (GeV/c®)
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Events/(5 GeV)

Totr mass measanement, CDIF

CDF Run Il Preliminary, (1.9 fb")

F— LnlLL_)=45(3)
F Ln(LL_)=20(20)
2 — -Ln(LL,_)=05 (%)
[ ¥ Fitted Values

_3_....I....I....I....I....I....I...

ﬁ 3 -Ln{L/L Contours, 1+2 tags events [ ) a/éé
; o Jhgzz nadd ,
7 "‘\\\

badnonie, 1.9 fb!

— Use Neural Networks
for event selection.

— Require b tagging.

150 155 160 165 170 175 180 185 190 195 200

CDF Run Il Prelin

8
]

8
L L

100

—}— Data
M Fittod tf

" Fitted Bkg

¥2/Ndof =21.4/27
Prob = 0.765

120 200 250
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Mtop (GeV)

— Do In-situ jet energy
calibration.

m,= 177.0 & 3.7 (stat+JES) * 1.6 (sys) GeV/c?
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Totr mass measarnement, CDIF Di3

\ Neural network discriminant

5 L
50.12— P — signal m=160 -
— sonaimero o Watrnix 2&%%&‘, LJ. ].9]79 .

o 01— T —— signal m=180
@ L : :,__E ----+ W+bb background
' [ A ----- W+light background

T e — Use Neural Networks for
= event selection

0.02_—:3 ----- E-_-:ém...-_-_-:.:.:,:':':ir__j_-_L — Require b tagging

Nurmber of evets — Do in-situ jet energy
& ] calibration

2 } ] 1 } m,= 172.7 & 1.2 (stat) = 1.3 (JES) = 1.2 (sys) GeV/c?

1200 140 160 180 200 220 240 260

Top mass value at peak of likelihood curve (GeVic”2)

Signal (172) + background MC = Data events
I Background MC
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‘ Yot mass measanement, CDIF 3

/ e Lxy, LJ, 0.7 fb!
_,_:L/—j — Lxy : Transverse decay length

" Second ary

m Vertex — Fitdata to MC (sig+bkg) to
’ find out Lxy.

Transverse Decay Length

— +15.5 7
m, = 180.7 134 (stat) = 8.6 (sys) GeV/c
1w’k —m,, = 130 GeV .
E M, = 180 GeV
_m[op = 230 GeV
3 - r . <230
10 = -1 . 8]
E 100 [ CDF I1 - 695 pb - % 290 |
" B =ingle top [s-chan) (.2.210 ] —— Most Probable mhcp
10 3 80 i * single top (tchan) ] %m S +16 CL
[ + Wb b= . Measured <L, >
3 60 N wez ] 190 |
10° i We 180 F
0 5 10 15 20 25 i aco
L”.I [[[[[[ 1 40 ++ -Mistzgs i 170 |
[ —8— CDF Data 160 |
0 4 ++++ 4, KSPob=167% ] 130
: - Tt Hof | :
0 — ——. 130 5 e g
-0.5 0 0.5 1 1.5 2 25 3 35 048 05 0.52 054 0.56 058 06 062 064
L, fem] <Lyp> [om]
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‘ Totr mass measarnement, CDIF

CDF Top Quark Mass Combination
(*Preliminary)

Mar. 1-8, 2008

All-hadronic
(Run |)

® ]
186.0+10.0+ 5.7

Dilepton
(Run |)

Lepton+Jets
(Run )

*All-hadronic
( 27

*Dilepton
(2

--._-

167.4+10.31 4.9

176.1£ 5.1+ 5.3

177.0+£ 3.3+ 24

1712+ 2.7+ 2.8

Lepton+Jets (<L > )

(0.7f6")

*Lepton+Jets
( 2)

*CDF March 2008

(CDF Run I+1l)

®
180.7 + 133 + 8.6

172.7+ 1.2+ 1.7

1729+ 1.2+ 1.5

(stat.) - (syst.)
x°/dof = 3.8/6

T T
150 160

T
170

T T T
180 190 200

Top Quark Mass (GeWcz)
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Yot mass measawrement, D0

14|~ ¢ signal m=175 GeV

o %Wx WW, DIL, ] ][b-] zi— :ng:ground ‘ DO Runll Preliminary

— For a given m, try to resolve for
Top, anti-Top momenta.

Events

— Define weight for each solution.

220 240

— Account for detector resolution. Myeq GEV

— Take into account the background. 3 ¢ *
9 140: DO Runll Preliminary

— Scan through m, to reach the max.

weight and the min. of likelihood.

mt= 175.2 i 6.1 (Stat) i 34 (SyS) GeV/C2 133%—

o e e b e b b by
160 170 180 190 200

m, GeV
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o eutnino weighiting, DIL, 1 fb~!
— Ignore I, measured.

— given m, and 1) for each V;
resolve for Vv momenta.

— For each event define weight
based on K, calc. and measured.

— Take into account detector
resolution and background.

— Define likelihood.

m, = 172.5 = 5.8 (stat) = 3.5 (sys) GeV/c?

Yot mass measarement, D0

o
o
o
o

I

0.02

Sum of Weights

0.015(—
.01

0.005(—

1 FAREET TRN TR T NN S T A TN T [N TN SN SR T N TN SR SRR T NN W
100 150 200 250 300
Top Mass [GeV]

DO Preliminary 1fb’

ST RN SR AR NN PR T BT NS F RN DR R
155 160 165 170 175 180 185 190 195 200
m,,, [GeV]

Mar. 1-8, 2008 Moriond EWK, La Thuile, Italy 13



o Matnix Element, LJ, 1 b

— Use in-situ jet energy
calibration.

— Result without b tagging:

m, = 170.5 * 2.5 (stat+JES) = 1.4 (sys) GeV/c?

— Result with b tagging:

m,= 170.5 = 2.4 (stat+JES) & 1.2 (sys) GeV/c?
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Yot mass measawrement, D0

Calibrated 2D Likelihood

DO Runll Preliminary e

a ]
= 1.1

1.08
1.06
1.04 -
1.02 -

17
0.98
0.96

0.94

N

R R R EREEREEREEREES
150 155 160 165 170 175 180 185

M, (GeV)
Calibrated 2D Likelihood
DO Runll Preliminary u

i 11
1.08
1.06
1.04
1.02

17
0.08 -
0.96 -
0.94 -
092

\

L L B L L R L R

145 150 155 160 165 170 175 180 185 190
M, (GeV)
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Yot mass measawrement, D0

DO .- included in combination Summer 2007
Run | Dileptons * —a—- 168.4 :12.3 135 GeV
Run | Lepton+jets * H—8—H 180.1 35 239 GeV
Run | Alljets H L H 1785 1137 47.7 GeV
Run Il Dileptons * H—e—H 173.7 1564 3.4 GeV
Run Il Leptontjets * HeH 170.5 218 s20 GeV
D@ combination (august 2007) oA 172.1 215 219 GeV >
World average (march 2007 | 170.9 211 215 GeV
1 I | I I i | [ 1 | I L 1 I I [} 1
140 160 180 200

Top Quark Mass [GeV]
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‘ Yot mass measunement, the future

- CDF Top Mass Uncertainty
(projection from 680 pb™) <+ Tevatron Top mass, 2007 Mar.
10—

o - 1fb" 2fb™ 4fb" 8fb"
-~ B Y o [0)
> | by Reacting lelow 1%
c r *
° wncertainty!
5 | e
0 v  CDF Results
e .y, ° ’
= B CDF and DO are worting
< F *  Run lla LJ goal (TDR 1996

- goal ) lagdéa on the common

- Scale A(stat)N[, Fix A(syst) .,

i (assumes no improvements) dqél‘emz‘cc cadued to neduce

- Scale Aftotal) / \L .

- (improvements required) “WM’

|| | 1 | 1 1111 | 1 | | L1111 |

107 10° 10*

Integrated Luminosity (pb'1)
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Tte charge of Vot quank 0

e SM: +2/3g XM: -4/3q
e FEach event has lepton(s) and jets:

— Pairing : Top mass as input, M,?

— Jet charge determination

. Z|ﬁi-P;et|aQi
Qjet — R p—ry P Lepton
Z|pi-Pjet|

e Odds of SM vs. XM:

SM: t— W*Db

XM: ¢ > Wb

P(x/SM)
P(x/XM)

Bayes Factor =

2 xLn(B.F.)

— 0—2 : Not worth than a bare mention
— 2 —6: Positive
— 6—10: Strong

— > 10 : Very strong
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e cémge a{ Vet quantk w

CDF Run Il preliminary, L=1.5 b

AR e

SM like iy XM like

50

probability

40

30

20

10

B ' (e —————} |
-1 08 06 04 02 [1] 0.2 04 06 08 1

W charge x jet charge R T

CDF Run Il preliminary L=1.5 fb
T ,rl T T T T T T

 CDF resatz (1.5 fb7): w 3
— 2Ln(Bayse factor) = 12.0 N
— f+=SM like / Total : —_
> 0.4 @ 95% CL ::-L.
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Negative Positive
Helicity Helicity
f =0. £,=36x10+*
‘@ 0.8 I — left-handed
= n L — longitudinal
Tl © B ++=+ right-handed
% 0.6 .— = sum (SM)
0.4
0.2}
0 r ...l- . - — .
-1 -0.5 0.5 1
cos 6
Mar. 1-8, 2008
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Tteory:

fo = 0.7, longitudinal
= 0.3, left handed
f, =0, right handed
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CDF

[ CDF Run Il Preliminary | Entries 430 CDF i prefiminary, 1.9 fb”_|
1
L= [~
80 E e background - E
E == +right-handed 0.9
E - = = +|eft-handed E
70E- 5 Ian‘e 0.8F
= N — +longitudinal E
60 E- * data 1.9 fo" 0.7F-
o~ E =
3 soF- 0.6 =
] C c
E aob 0.5 —
S r =
S 20 = ol 0.4
B . 0.3
204 el E
o R 0.2
1o T E
S R A MR -i"'“'- .............. m 0.1E-
0 ‘T"I [ IR RTINS A R A B R | T-II-II.T-I-I’-i-r'-'ﬂ'-f'1""|'"|'"|"F'i-'-h‘-‘ E |
-1 08 -06 -04 -0.2 0 02 04 06 08 1 % 4 0.3 0.4

cosb -U. - -U. -U. - . . . f.

[__CDF Run i Preliminary (1.9 fb) _] f 0= 0.65 £0.19 (stat) 7£0.03 (sys )
f.=-0.03 £0.07 (stat) £0.03 (sys)

w
=
T

N
o
TT

(]
=]

-
o
TT TTTT TTTT

Fix f,to SM:
f.=-0.04 £0.04 (stat) £0.03 (sys)
B ¥ a— f+ < 0.07 @ 95% C.L.

f

posterior probability density

10F
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LJ, Lep. ©
LJ, Had. ©
DIL 5

Mar. 1-8, 2008

DO,L=1fb"

L= U RS U U RRP PRI

o v v v b v b by gy
02 0 02 04 06 08 1 1.2
f

Jo=0.425 £0.166 (stat) £0.102 (sys)

J.=0.119 £0.090 (stat) £0.053 (sys)

Fix f,to SM:
f.=-0.002 £0.047 (stat) £0.047 (sys)

f,<0.13 @95% C.L.

coso*
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DO

2 = &(t-Wb)| B=(t-Wq)

< | D@,0.9 fb’

* Simaltancous (it to the froduction cross O'Bj
section and &, 04_
- LJ, 0.9]%'] 0.2

— R =0.97 099 . (stat + sys)

> 0.79 @ 95% CL
— IV, > 0.89 @ 95% CL

Number of events

— 0,=38.18 090 _, o, (stat+sys)
70.50 (lumi) pb
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 68% C.L.
:95% C.L.

1 99% C.L.

05 I
R

L=09fb"' D@ Data
Wit

W other

I W+jets

B Multijet

02 04 06 0.8 1
Likelihood discriminant
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Search for FCNC in Top decay  1HD

CDF

e SM : B(t — Zq) = O(10-1%)
e Beyond SM : up to O(10~)
e At LEP : 13.7%

p

=]

e Look for 2 lep. 4 jets.

50-75; B(t! Zq')=—BO.Ot159t
o Constraint on masses of S ol
TOp, Z Cll/ld W. |_005:_ 95% C.L. Limit:
051 Bt Zq) <3.7% _
e Best limit up to date: 3.7% B ST
.—OI2. - ftl) Bl .OI2.

Measured B(t! Zq)
23
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* Mone than ten yeans after the ot quark discoverny.

— Topp quanks mass o well measaned to 1.1% level!

— Up to date, within uncertainties, all measared guantities
arne condidtent with the Standand Model expectations.
o o change, W belicity, B,, FCNC

— Aualyscs cn frogress o uot neported here,

dearch, ete.

— Thés o just the beginning of the sensitive studies of The

Vot quanks propenties! There are much noom alkead for

‘weal
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